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[57] ABSTRACT 

A USB/UART converter connected between a DTE and a 
DCE is disclosed. The USB/UART converter comprises: a 
USB controller connected to a USB of the DTE, and a 
UART controller connected to the DCE and the USB con- 
troller. According to the present invention, the control sig- 
nals for the DCE and the parameter settings for the UART 
controller are sent from the DTE through the USB controller 
in a control transfer mode. Then, the UART controller 
transfers the status signals through the USB controller to the 
DTE in an interrupt transfer mode after detecting the status 
signals coming from the DCE. Subsequently, the data can be 
transferred between the DTE and the DCE in an isochronous 
data transfer mode in response to the parameters. 

7 Claims, 4 Drawing Sheets 
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USB/UART CONVERTER AND ITS The above objects can be realized by providing a USB/ 

CONTROL METHOD UART converter and its control method. The USB/UART 

converter is connected between a DTE and a DCE, and 

BACKGROUND OF THE INVENTION comprises: a USB controller connected to a USB of the 

1. Field of the Invention 5 DTE, ancl a ^ART controller connected to the DCE and the 

i 4 * -i ^..i w USB controller. According to the present invention, the 

This invention relates to serial port technology. More control si h for the DCE and the meter sctti for 

particularly, it relates to a converting apparatus for transfer- the UARTcontroller m sent from the DTE th h the & USB 

J^^^^ 00 ™^^^^*™^^^ 1 controller in a control transfer mode. Then, the UART 

bus (USB) and its control method. 3Q CODtroller transfers the status signals through the USB 

2. Descnption of the Prior Art controller to the DTE in an interrupt transfer mode after 
Three drawbacks top any list of the most aggravating detecting the status signals coming from the DCE. 

aspects of conventional RS-232C serial ports: low speed, Subsequently, the data can be transferred between the DTE 

complex cabling, and the limited number of ports. First and the DCE in an isochronous data transfer mode in 

introduced in 1996, the Universal Serial Bus (USB 15 response to the parmeters. 

hereinafter), solves all three. It combines a signaling rate of Accordingly, the DCE can transfer data with the DTE 

12 Mbits/sec with a mistake proof wiring system, allows the through a USB, and be compatible with the USB interface 

connection of up to 127 peripheral devices, has low cost and without upgrading. In addition, the USB/UART converter 

plug-and-play functions. In other words, it is much more can be realized with state machines regardless of the require- 

than a successor to the RS-232C serial port. At present, 20 me nts for microprocessors, 
several USB functions such as displays, keyboards, mice, 

joysticks, scanners, etc., have been successively realized by BRIEF DESCRIPTION OF THE DRAWINGS 

USB's vendors. However, since a common protocol has not ™ u . , - ^ . - . • 

been established in conventional communication equipment k ^ ° h ^\ Matures and advantages o this invention will 

(such as instrument control interface, data acquisition 25 b * more ^ ™dastood the followmg description 

equipment, modem, telephones, integrated service digital of a P refcrred * mbodimenl ^ » conjunction with the 

network terminal adapted (ISDN TA>, etc.), the universal accom P a nymg drawings m which: 

asynchronous receiver/transmitter (UART) currently pre- FIG - 1 K a diagram illustrating the connection between a 

vails in asynchronous serial reception/transmission. DTE anc * a DCE of the prior art; 

Referring to FIG. 1, a diagram illustrates the connection 30 FIG * 2 * a diagram illustrating the connection between a 

between a data terminal equipment (DTE) 1 and a data °TE and a DCE in accordance with the present invention; 

communications equipment (DCE) 2 of the prior art, FIG. 3 is a block diagram illustrating the USB/UART 

Generally, the DTE 1 refers to a computer console, and the converter in accordance with the present invention; 

DCE 2 refers to an instrument control interface, data acqui- FIG. 4 is a block diagram illustrating one preferred 

sition equipment, modem, telephones and integrated service 35 embodiment of the USB controller 30; 

digital network terminal adapter among others. In general, FIG. 5 is a flowchart illustrating the control of signal 

the DCE 1 as used here refers broadly to the equipment for dire ction controUer 47 realized with state machines; and 

asynchronous serial reception/transmission. In the drawing, ™~ , . . .„ . - 

an RS-232C cable 10 is coupled between the DTE 1 and the " G :. 6 f \ *! grM ? ? ^ P 

DCE 2, whose two ends 12 and 14 connected to the DTE 1 « emboduDen » ° f controller 32 ' 

and the DCE 2, respectively, are all RS-232 connectors. The DETAILED DESCRIPTION OF THE 

DTE 1 has an internal UART chip 16 (commonly known as PREFERRED EMBODIMENTS 
16450 or 16550) serving as an interface between the DTE 1 

and DCE 2 for asynchronous serial reception/transmission. ^ USB/UART converter in accordance with the present 

rj~ c j • • jr. c 45 invention can convert asynchronous serial data or status 

Therefore, a converting device is required for transferring . c t , ~™ « . , , 4 , IICT) 

, • i • i *u \ j ion r.i_ iat^ signals coming from the DCE 2 into signals that the USB 

the asynchronous serial signals through a USB of the DTE & ? IICDffIA 6 nT 

I* ac *u tatt? i ur *i? u i can process. In addition, the USB/UART converter can 

1 to and from the DTE 2, enabling the asynchronous serial ♦ «u j ♦ * • i c .u t^t- * c j j 

4 . u . . . * \ ... TT ™ convert the data or control signals for the DCE 2 forwarded 

reception/transmission equipment to work with the USB u t^™ a • * ,■ . . , . 

. , r e , - ^ f t . , by the DTE 1 into corresponding asynchronous serial sie- 

lnterface before or even after a communication protocol , r™ ... ~™ + . i • i t i_ u *u 

.. r 50 nals. Therewith, the DTE 1 can transfer signals through the 

prevaiIS ' USB to and from the DCE 2. Moreover, the USB/UART 

SUMMARY OF THE INVENTION converter of the present invention can be realized with state 

machines, regardless of the requirements for the micropro- 

Therefore, it is an object of the present invention to cessors. 

provide a USB/UART converter for transferring data 55 Referring t0 pIG. 2, a diagram illustrates the connection 

between the DCE and the DTE through a USB, so asyn- between , DTE and a DC £ of the present invention. Gen- 

chronous serial signals processed by the DCE can be trans- eraUy speaking) the DTE X re f e rs to a computer console, 

ferred to/from the DTE. whereas the DCE 2 can be an instrument control interface, 

It is another object of the present invention to provide a data acquisition equipment, modem, telephone, or ISDNTA 

USB/UART converter for data transfer between the DCE 60 among others. Briefly, the DCE 2 as used here refers to 

and the DTE through the USB that is compatible with the asynchronous serial reception/transmission equipment. A 

USB interface without upgrading the DCE. USB/UART converter 20 of the present invention is coupled 

It is yet another object of the present invention to provide between the DTE 1 and the DCE 2. The USB/UART 

a USB/UART converter for data transfer between the DCE converter 20 has one end 22 configured with a USB type -A 

and the DTE through the USB, to be realized with state 65 connector connected to the DTE 1, and the other end 24 

machines regardless of the requirements for microproces- configured with an RS-232C connector connected to the 

sors. DCE 2. Moreover, a bridge chip 26 is installed internally 
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between the USB and the system bus in the DTE 1, such as ter." Conversely, the data sent from the DTE 1 to the DCE 

a USB/PCI bridge chip of 82371SB (PIIX3) manufactured 2 are transferred via the EP3 register 46, therefore, the EP3 

by Intel Corp. register 46 is also called the "isochronous output register." 

Referring to FIG. 3, a block diagram illustrates the Moreover, the USB control transfer mode comprises a 

USB/UART converter 20 of the present invention. The 5 first control write message and a second control write 

USB/U ART converter 20 of the present invention comprises message. Tables 1 and 2 represent the formats of the first 

a USB controller 30 and an UART controller 32, Therein, the control write message and the second control write message 

USB controller 30 is connected to the DTE 1, whereas the written to EPO register 43, respectively. 
UART controller 32 is connected to the DCE 2. There is an 

EIA driver (not shown in the drawing) between the UART 10 TABLE 1 
controller 32 and the DCE 2 for voltage level conversion. 
The USB controller 30 and the UART controller 32 are 
coupled to each other and serve as a converting interface 
between the USB signals and the asynchronous serial sig- 
nals. According to the present invention, both the USB 15 

controller 30 and the UART controller 32 are realized with Wherein, when BRG0/1/2 is set to 000, the baud rate is 

state machines. 2,400 bps; when BRG0/1/2 is set to 001, the baud rate is 

According to the present invention, the DTE 1 first has to ^ *>P S ' w * en ! S SCt 10 ° 10 ' the baUd fate is 

set and control the parameters required for asynchronous ?> 6 ™ b J> S; wh ^ n B *™££* ^ l ° ^ ^ rate ? 

serial reception/transmission before performing data trans- 20 J*200 W * en I s ^ l ° ^ ^ rate ? 

fer. Therefore, after the USB enumeration, various ^,400 bps; when BRG0/V2 is set to 01, the baud rate is 

parameters, such as baud rate, data bits, stop bits, parity bit b P s; ^ l ° ^ ^ ralC ? 

and so forth, are made by application programs at the DTE £«0° when BRGO/ltf is set to 111, the baud rate is 

1 through the USB client driver firmware, and sent to the 230 » 400 D PS- 

USB controller 30 in a USB control transfer mode for further 25 

setting the UART controller 32. Afterwards, control signals TABLE 2 

RTS (Request To Send) and DTR Data Terminal Ready), 
after being delivered by the DTE 1 to the USB controller 30 
in the USB control transfer mode, is further delivered to the 
DCE 2 via the UART controller 32. 

According to the present invention, the UART controller Wherein, one stop bit is generated when SBG0/1 is set to 

32 is responsible for detecting status signals such as RI 00; 1 and Vi stop bits are generated when SBG0/1 is set to 

(Ring Indicator), DSR (Data Set Ready), CTS (Clear To 01; 2 stop bits are generated when SBG0/1 is set to 10. When 

Send), DCD (Data Carrier Detect), PE (Parity Error) and 35 pco/l is set to 00, it is in even parity; when PG0/1 is set to 

STE (Stop-bit Error) coming from the DCE 2. In a USB oi, it is in odd parity; when PG0/1 is set to 10, there is no 

interrupt transfer mode, the detected status signals are sent parity bit. And 5 bit characters are generated when BCG0/1 

to the USB controller 30. Since USB adopts differential ^ ^ t0 rjO; 6 bit characters are generated when BCG0/1 is 

signals, the signals are converted by the USB controller 30 ^ fjl; 7 bit characters are generated when BCG0/1 is set 10; 

and then supplied to the DTE 1. After asynchronous serial 4Q ant j 8 bit characters are generated when BCG0/1 is set 11. 

reception/transmission functions are all set ready data can ^ foUowi Table 3 repre sents a format written to the 

be transferred between the DTE 1 and the DCE 2 m a USB & r 
iso-chronous data transfer mode in response to the param- 
eters of the baud rate, data bits, stop bits, parity bit, and so 

on. 45 

Referring to FIG. 4, a block diagram illustrates one 
preferred embodiment of the USB controller 30. As shown 
in the drawing, the USB controller 30 comprises: a USB 
transceiver 40, a USB serial interface engine 41, a USB 

interface logic 42, an endpoint-0 FIFO (thereafter, EPO) 50 Since those signals transferred between the USB control- 
register 43, an endpoint-1 FIFO (thereafter, EP1) register 44, ler 30 and the DTE 1 belong to differential signals, the USB 
an endpoint-2 FIFO (thereafter, EP2) register 45, an transceiver 40, the USB serial interface engine 41 and the 
endpoint-3 FIFO (thereafter, EP3) register 46, and a signal USB interface logic 42 serve as the converting interface for 
direction controller 47. each of the registers 43-46 and the DTE 1. The function of 
The control signals RTS (Request To Send) and DTR 55 the USB serial interface engine 41 is primarily to transfer 
(Data Terminal Ready), and various parameters, such as signals to and from the USB transceivers 40, while the 
baud rate, data bits, stop bits, and parity bit, are written from function of the USB interface logic 42 is to categorize the 
the DTE 1 into the EPO register 43 in the USB control signals to be transferred to the registers 43 and 46, or to 
transfer mode, while the status signals such as RI (Ring identify the signals from the registers 44 and 45. 
Indicator), DSR (Data Set Ready), CTS (Clear to Send), 60 The signal direction controller 47 is responsible for con- 
DCD (Data Carrier Detect), PE (Parity Error) and STE trolling the operation of the USB controller 30. The signal 
(Stop -bit Error) detected by the UART controller 32 are direction controller 47 in accordance with the present inven- 
written into the EP1 register 44 from the DCE 2 in the USB tion is realized with state machines. Refer to FIG. 5, a 
interrupt transfer mode. When the USB isochronous data flowchart illustrating the control process of signal direction 
transfer is operating, the data sent from the DCE 2 to the 65 controller 47 realized with state machines. In the drawing, 
DTE 1 are transferred via the EP2 register 45, therefore, the each step of the flcowchart can be implemented by a slate 
EP2 register 45 is also called the "isochronous input regis- machine. First, in Step 50, the USB enumeration is con- 



EP1 register 44 in the USB interrupt transfer mode: 
TABLE 3 



Brr 7 BIT 6 BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT 1 


BIT 0 


— — STE 


PE 


DCD 


CTS 


DSR 


R[ 



06/01/2004, EAST Version: 1.4.1 



6,i; 

5 

firmed to be completed or not; if yes, then proceed to Step 
51 and wait for the USB control transfer mode to enter the 
asynchronous serial reception/transmission settings. Further, 
in Steps 52A-52D, the DTE 1 writes by means of the 
application program in the USB control transfer mode the 
various required asynchronous serial reception/transmission 
parameters, such as baud rate, stop bits, parity bit and data 
bits, into the EPO register 43. In addition, the signal direction 
controller 47 sets those asynchronous serial reception/ 
transmission parameters to the UART controller 32. 
Accordingly, the UART controller 32 performs various 
parameter settings (to be described later) and in Step 53 
enters into an asynchronous serial reception/transmission 
setting ready status. 

Next, the asynchronous serial reception/transmission con- 
trol procedure is performed. In Step 54, it is determined 
whether the DTE 1 has sent the control signals DTR and 
RTS; if not, then return to Step 53; if yes, proceed to Step 
55, wait for the USB control transfer mode and write the 
control signals DTR and RTS into the EPO register 43. 
Further in Step 56, the signal direction controller 47 supplies 
the control signals DTR and RTS to the UART controller 32. 
Since the UART controller 32 will supply the control signals 
DTR and RTS to the DCE 2 (to be described later), in Step 
57, the status signals RI, DSR, CTS and DCD will be 
detected by the UART controller 32. If status signals are not 
yet received, then return to Step 56; if yes, the signal 
direction controller 47 receives those status signals through 
the UART controller 32 in Steps 58A-58D and supplies the 
status signals CTS, DCD, DSR and RI to the EP1 register 44, 
and further supplies those status signals to the DTE 1 in the 
USB interrupt transfer mode. Therefore, the asynchronous 
serial reception/transmission setting is completed in Step 59. 

Next, the signal director controller 47 can transfer data 
between the asynchronous DTE 1 and the DCE 2 in accor- 
dance with the settings of the baud rate, data bits, stop bits, 
parity bit through the EP2 and the EP3 registers in the USB 
isochronous transfer mode. As shown in FIG. 5, in Step 60A, 
asynchronous serial data received from the DCE 2 are sent 
to the DTE 1 through the EP2 register 45; or in Step 60B, 
data received from the DTE 1 are sent to the DCE 2 through 
the EP3 register 46. 

To illustrate, the EPO register 43 for control transfer can 
be of 16 bytes, while the EP1 register 44 for interrupt 
transfer can be of 8 bytes, whereas the EP2 register 45 and 
the EP3 register 46 for isochronous data transfer can be of 
48 bytes. 

Referring to FIG, 6, a block diagram illustrates one 
preferred embodiment of the UART controller 32 of FIG. 3. 
As shown in the drawing, the UART controller 32 com- 
prises: a receiver shift register 61, a MODEM function 
controller 62, a transmitter shift register 63, a receiver FIFO 
register 64, a MODEM control register 65, a MODEM status 
register 66, a transmitter FIFO register 67, a receiver timing 
control register 68, a baud rate generator 69, a transmitter 
timing control register 70, a line control register 71, and a 
line status register 72. 

The UART controller 32 transfers the serial data RXD 
from the DCE 2 to the receiver FIFO register 64 through the 
receiver shift register 61, supplying to the signal direction 
controller 47 after converting the data into a parallel data 
format and transfers through the EP2 register 45 to the DTE 
1. However, the data coming from the EP3 register 46 
through the signal direction controller 47 are transferred to 
the transmitter FIFO register 67 and supplied to the DCE 2 
after the data are received and converted into the asynchro- 
nous serial data TXD by the transmitter shift register 63. 
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The line control register 71 and the baud rate generator 69 
are in charge of controlling the asynchronous serial 
reception/transmission parameter settings. Therefore, the 
line control register 71 and the baud rate generator 69 

5 receive from DTE 1 through the USB controller 30 and set 
parameters for baud rate, stop bits, parity bit and data bits so 
as to adjust the receiver timing control register 68 and the 
transmitter timing control register 70. Accordingly, the data 
can be transferred in a format responsive to current settings 

10 of baud rate, stop bits, parity bit and data bits. 

The control of the DCE 2 is made through the MODEM 
control register 65 by sending the control signals RTS and 
DTR set by the DTE 1 to the MODEM function controller 
62 while the USB controller 30 is in the USB control transfer 

15 mode. The transfer status as to the DCE 2 is received from 
the status signals DCD, CTS, DSR, and RI from the 
MODEM function controller 62 through the MODEM status 
register 66, and is sent to the DTE 1 while the USB 
controller 30 is in the USB interrupt transfer mode. 

20 If any errors, such as "overwrite," "parity error (PE)," and 
"stop bit error (STE)" in the receiver FIFO register 64 and 
transmitter FIFO register 67, occur during the data transfer, 
the errors will be responded to through the line state register 
72 by the signal direction controller 47 to force the receiver 

25 FIFO register 64 and transmitter FIFO register 67 to discard 
the overwritten data or to inform the DTE 1 of the PE or STE 
status signals while the USB controller 30 is in the USB 
interrupt transfer mode. 
To summarize, the USB/U ART converter for data transfer 

30 between the DCE and the DTE through the USB and its 
control method of the present invention enables asynchro- 
nous serial signals to be transmitted between the DCE and 
DTE through the USB. Moreover, compatibility with the 
USB is provided without the need of updating the DTE. 

35 Furthermore, the USB/UART converter of the invention is 
realized with state machines, hence, no requirements for the 
microprocessors are necessary. 
Although the present invention has been described in its 

4Q preferred embodiment, it is not intended to limit the inven- 
tion to the precise embodiment disclosed herein. Those who 
are skilled in this technology can still make various alter- 
ations and modifications without departing from the scope 
and spirit of the present invention. Therefore, the scope of 

45 the present invention shall be defined and protected by the 
following claims and their equivalents. 
What is claimed is: 

1. A USB/UART converter connected between a DTE and 
a DCE, said USB/UART converter comprising: 

50 a USB controller connected to a USB of said DTE, 
comprising a first register into which control signals 
and parameters are written: a second register into which 
status signals are written; a third register into which 
data supplied from said DCE to said DTE are written; 

55 a fourth register into which data supplied from said 
DTE to said DCE are written; a signal direction con- 
troller connected with said registers for regulating said 
control signals, parameters, status signals and data; and 
a UART controller connected between said DCE and said 

60 USB controller; 

wherein said control signals for said DCE and said 
parameters for said UART controller are transferred 
from said DTE through said USB controller in a control 
transfer mode; the UART controller transfers status 

65 signals through said USB controller to said DTE in an 
interrupt transfer mode after detecting said status sig- 
nals from said DCE; and data can be transferred 
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between said DTE and said DCE in an isochronous data 
transfer mode in response to said parameters. 

2. The USB/UART converter as claimed in claim 1, 
wherein the end connected to said DTE is a USB connector, 
and the other end connected to said DCE is a RS-232C 5 
connector. 

3. The USB/UART converter as claimed in claim 1, 
wherein said signal direction controller is implemented by 
state machines. 

4. The USB/UART converter as claimed in claim 1, 10 
wherein said USB controller further comprises: a USB 
transceiver; a USB serial interface engine; and a USB 
interface logic serving as a converting interface between 
said registers and said DTE. 

5. A method of controlling a USB /U ART converter, 15 
connected between a DTE and a DCE and including a USB 
controller having a first register, a second register, a third 
register, and a fourth register; and a UART controller, said 
control method comprising the steps of: 

(a) supplying control signals for said DCE and parameters 20 
for said UART controller from said DTE through said 
USB controller in a control transfer mode; 
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(b) supplying status signals through said USB controller 
to said DTE in an interrupt transfer mode after said 
UART controller detects said status signals from said 
DCE; 

(c) transferring data between said DTE and said DCE in 
an isochronous data transfer mode responsive to said 
parameters; and 

(e) writing said control signals and said parameters into 
said first register, writing said status signals into said 
second register, writing said data supplied from said 
DCE to said DTE into said third register, and writing 
said data supplied from said DTE to said DCE into said 
fourth register. 

6. The control method as claimed in claim 5 further 
comprising a USB enumeration step prior to step (a). 

7. TTie control method as claimed in claim 5, wherein, in 
step (a) the step of setting parameters for said UART 
controller is performed prior to the step of transferring said 
control signals to said DCE. 

***** 
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